When conducting epidemiologic case-control studies, some investigators include only controls who can be interviewed within a certain time after contact and/or do not recontact potential participants who initially refuse, whereas others expend considerable effort to recruit reluctant respondents. This additional effort is only worthwhile if it results in a sample that is more representative of the target population. In this study, the authors used data collected from in-person interviews of 5,616 female controls to compare characteristics of willing, accessible respondents with those of their less accessible or less willing counterparts to determine whether or not the two groups differed with respect to lifestyle, socioeconomic status, health history, and demographic characteristics. Late responders were younger, were more likely to be non-White, were less likely to have attended college, and were more likely to be current smokers than early responders. Initial refusers were similar to late responders with respect to education and race. Initial refusers were also older, were less likely to be currently married, were less likely to have a managerial occupation, had fewer lifetime sexual partners, and were more likely to have a history of diabetes than early responders. These findings suggest that additional effort expended in recruiting reluctant respondents may often result in more accurate estimates of population characteristics that are of interest in epidemiologic research.
In most epidemiologic studies, investigators expend considerable effort to recruit difficult-to-reach respondents so that participants will be representative of the population of interest. The validity of a study comes into question if response is poor (1) (2) (3) . Response proportions generally improve as effort to recruit reluctant respondents increases. However, the pursuit of reluctant respondents is expensive and time-consuming. It is unclear whether the additional expense of attempting to convert persons who refuse to participate is worthwhile. Furthermore, some investigators restrict the amount of time between contact and interview to minimize recall bias or to avoid delaying the completion of the study.
Several studies have compared respondents who refuse to participate, or those who initially refuse and later agree, with respondents who readily agree to participate. Most have found that reluctant or difficult-to-reach respondents are older and less educated than respondents who readily agree (4) (5) (6) (7) (8) (9) . Differences with respect to income, occupation, race, and marital status have been inconsistent (4, 5, 7, (9) (10) (11) (12) . Three studies have compared reproductive or lifestyle characteristics of initial refusers with those of initial responders (3, 7, 11) . Three studies have found that while characteristics of initially refusing respondents differed from those of other respondents, the inclusion of those persons' data had little overall effect on the results (4, 7, 11) . In addition, one study found that data from initial refusers were less useful because these persons refused to answer more questions than other respondents (9) . Since recruiting reluctant respondents is expensive and lengthens the time required to complete interviews, it is important to determine whether or not this additional expense is warranted.
We undertook this study to further address the question of differences in demographic, reproductive, health, and lifestyle characteristics between control respondents according to the level of effort required to recruit them.
MATERIALS AND METHODS
We combined interview data obtained from 5,616 female controls selected by random digit dialing (RDD) for six population-based case-control studies of anogenital cancers, breast cancer, endometrial cancer, thyroid cancer, oral cancer, and rheumatoid arthritis (13) (14) (15) (16) (17) (18) . All six studies were conducted in western Washington State. All of the studies were approved by the institutional review boards of the participating institutions, and all respondents gave written informed consent. The controls were not screened for the presence of any of these diseases prior to interview. Table 1 shows the response proportions and characteristics of each study. Details on these studies are presented elsewhere (13) (14) (15) (16) (17) (18) . All controls were selected using either unrestricted RDD or the Waksberg-Mitofsky (19) modification of RDD. Phone numbers for the unrestricted RDD were created by selecting an area code and telephone prefix at random from all such combinations in the geographic area of interest and adding a random four-digit number to create a telephone number. Studies that used the Waksberg-Mitofsky modification added a second stage of number selection. The area code, prefix, and next two digits of all telephone numbers that were found to belong to residential households in the primary stage of calling became the "primary sampling unit" for the secondary stage. Two random numbers were added to the sampling unit to create an additional phone number. This phone number was called and screened according to the study protocol. Additional phone numbers were generated and resolved until a total of "k" residential numbers were achieved for each sampling unit. This clustering factor, "k," was 2 for some studies and 5 for others.
The RDD screening protocol was similar for all of the studies. Each number was called at least nine times at different times and on different days of the week over a 3-week period before it was abandoned. Residential status could not be determined for 4.3 percent of the 96,806 phone numbers dialed (3.7 percent of calls were never answered, 0.6 percent always resulted in a fast-busy tone, and 0.3 percent always resulted in a slow-busy tone). When a residential household was reached, the RDD interviewer screened the household for multiple telephone numbers, county of residence, and the ages and genders of household members. If there was more than one phone number in the household and the phone was not dedicated to a computer or fax line, the household was considered ineligible if the last digit of the phone number was odd and eligible if this digit was even.
Controls were selected using a one-step stratification design (20) . Controls were selected so that each 5-year age group would have approximately the same number of controls as did the cases for that particular study. Eligible controls were asked whether they would be willing to receive a letter describing the study. If they were willing, a letter describing the study was mailed within 2 weeks of initial contact. A trained interviewer contacted the potential control after the letter was received to answer questions and to schedule an in-person interview. All phone numbers at which the respondent refused to answer the screening questions for determination of eligibility or, if screened and eligible, refused to receive a letter about the study were recontacted by a different RDD interviewer 3-6 months after the original phone call. In addition, most phone numbers at which all nine calls were answered by a machine were recontacted at a later date. The recontact included a question as to whether the respondent had had that phone number at the time of the original phone call. Approximately half of the respondents who originally either refused screening or (if eligible after screening) refused to receive a letter agreed on All respondents were assigned a "reference" year that approximated the distribution of diagnosis years in the corresponding case group. Each control was also assigned a randomly selected "reference" month. Only events that occurred prior to this reference date were recorded during the interview.
We categorized the respondents recruited by RDD into early responders (those who were interviewed within 1 month of the date the letter describing the study was mailed (n = 2,747)), intermediate responders (those who were interviewed 2-6 months after initial letter contact (n = 837)), late responders (those who were interviewed more than 6 months after initial letter contact (n = 444)), and initial refusers (those who initially refused to participate but agreed after recontact (n = 376)). All respondents who initially refused were grouped together regardless of how much time had elapsed between initial letter and interview. We excluded those who were interviewed 1-2 months after initial letter contact (n = 1,212), because some of those interviews might have been delayed as a result of interviewer schedules rather than respondent delay. Our categorization was motivated by a common assumption, described by Lin and Schaeffer (21) , that the characteristics of people who are difficult to interview become more like those of refusers as the difficulty of interviewing them increases. Table 2 shows the distribution of responses by study.
We selected questions from each interview that related to health history and to demographic, reproductive, and lifestyle characteristics. Body mass index was computed as weight in kilograms divided by height in meters squared. Data that were not collected in a similar manner across studies were excluded from analysis. The footnotes in table 3 identify variables for which data were not available for all studies. Some data were missing because of respondent refusal or because the respondent answered "don't know."
The case-control study of rheumatoid arthritis included a second control group selected from the enrollment files of the Group Health Cooperative, a health maintenance organization serving western Washington State (18) . Seventy-eight percent of the selected controls completed the interview. The Group Health Cooperative research department abstracted medical record data without identifiers for all 59 of the selected controls who refused to be interviewed and a random sample (n = 49) of the controls who were interviewed. The abstractors recorded only events that occurred prior to the assigned reference date. Data were recorded from the medical visits that occurred closest in time to the reference date. The following data were abstracted from the medical records: age at reference date, number of pregnancies, ever having a livebirth, ever using hormones, smoking history, height, body weight, and date on which weight was recorded.
All proportions for the intermediate responders, late responders, and initial refusers were standardized to the age distribution of the early responders so that the proportions of respondents with each characteristic could be compared with each other without distortion from the different age structures of the four groups. All variables were included simultaneously in polytomous logistic regression models with the early responders designated the reference group, using Stata statistical software (22) . After adjustment for all other variables analyzed, p values were computed for individual variables using Wald's test. Differences were considered statistically significant if the two-sided p value was less than 0.05. Results of likelihood ratio tests for inclusion of each variable in models adjusted only for age were similar to the Wald's test statistics. Additional significance tests were performed using Bonferroni's correction to account for multiple comparisons (23) . Results of both tests are presented in the tables.
RESULTS

Comparison of intermediate and late responders with early responders
The intermediate-and late-responding women were slightly younger, were more likely to be non-White, and were less likely to have ever attended college than early responders (table 3) . Early responders were more likely to Women who were intermediate or late responders were similar to early responders with respect to number of pregnancies and oral contraceptive use but were less likely to have ever been tested for infertility. Late responders were less likely to have ever had an induced abortion and to have used noncontraceptive hormones than early responders, but the differences were not statistically significant.
Intermediate-and late-responding women had similar histories of hypertension, diabetes, and cancer and similar body mass indexes.
Late-responding women were more likely than early responders to be current smokers, whereas the smoking history of intermediate responders was similar to that of early responders. Ever use of alcoholic beverages and recent exercise were similar in all three groups.
Comparison of initial refusers with early responders
Initial refusers were older and were more likely to be nonWhite than early responders. They were less likely to be currently married, to have attended college, and to be employed in a managerial or professional job. They were also less likely than early responders to have a family history of cancer and to use noncontraceptive hormones, but these differences were not statistically significant.
Early responders and initial refusers were similar with respect to all reproductive characteristics except lifetime number of sexual partners. Initial refusers had fewer lifetime sexual partners than early responders.
Initial refusers and early responders had similar health histories, with the exception of diabetes mellitus. Initial refusers were more likely to report a history of diabetes.
Intermediate responders, late responders, and initial refusers were similar to each other and different from early responders with respect to education, non-White race, and history of infertility testing. In addition, late responders were similar to initial refusers with respect to marital status, number of sexual partners, and use of noncontraceptive hormones.
Medical record data
There were no significant differences in medical record data between women who were interviewed and those who refused to be interviewed in the Group Health Cooperative population. Refusers had a higher body mass index than those who were interviewed, but the difference was not statistically significant (table 4) .
There were very few questions that the respondents refused to answer or for which the response was "don't know." The question that was most often refused was the question on income. Of the early-responding, intermediateresponding, late-responding, and initially-refusing female respondents, 76 (2.8 percent), 21 (2.5 percent), 9 (2.0 percent), and 16 (4.3 percent), respectively, refused to identify which category of income corresponded to their annual household income or responded that they did not know their household income. The item nonresponse for all other questions was less than 1 percent.
DISCUSSION
Our ability to find differences between the response groups was limited by the relatively small number of respondents who completed the interview more than 6 months after contact and who initially refused to be interviewed but were subsequently recruited.
We found only one other study that compared respondents who agreed to be interviewed but delayed the interview with respondents who were interviewed soon after contact (24) . Robins (24) conducted in-person interviews of former clients of a child guidance clinic and found that the only difference between early and late responders was proximity to the study site. In contrast, we found several differences between late and early responders and/or intermediate and early responders. Late responders may be as willing to be interviewed as early responders but be less accessible than early respondents because of lifestyle factors and younger age.
Our finding that initial refusers were older, less educated, and less likely to be employed in professional or managerial occupations than early responders is in general agreement with most (4, 7, 11, 12, 24, 25) but not all (25) prior studies. One other study concurred with our results that respondents who initially refused were more likely to be non-White than early responders (9), whereas three others did not (4, 5, 12) . Our finding that respondents who initially refused were less likely to be currently married than early responders is in contrast to the studies of both Fitzgerald and Fuller (5) and Kristal et al. (7) .
The only other similar study that compared reproductive characteristics differed from our study in that only women of reproductive age who were at risk of pregnancy were included (11) . Our findings are consistent with this study with respect to lifetime number of sexual partners but not gravidity or history of induced abortion. Our results did not change when we examined reproductive characteristics only among women of reproductive age.
Our finding that histories of hypertension and cancer were similar for early responders and initial refusers but that initial refusers were more likely to report a history of diabetes is consistent with another comparison of female participants and refusers (3).
Kristal et al. (7) found that initial female refusers were less likely to use alcohol and to smoke cigarettes than those who initially agreed, whereas Criqui et al. (3) found that female refusers were more likely to be current smokers than study participants in a study of heart disease. Those results are in contrast with our findings of no differences with respect to alcohol and cigarette use.
Since all of the studies except one were related to cancer, it is not surprising that early responders were much more likely to have a first-or second-degree relative who had been diagnosed with cancer than either intermediate responders, late responders, or initial refusers. This supports Massey et al.'s (26) observation that interest in the study topic improves response. A similar result was found in a study of risk factors for cardiovascular disease (3) . In that study, female participants were more likely to have a family history of cardiovascular disease than nonparticipants (3). Although a less-biased group of participants may be recruited if potential respondents are not aware of the specific disease under study, response may be slower. Although our comparison of medical record data between members of a health maintenance organization who agreed to be interviewed and members who refused to be interviewed revealed no significant differences, the small number of respondents in this group limited our ability to find differences. Some of the differences between our study and other studies that have compared respondents who initially agreed to participate with those who initially refused may be related to the type of interview administered. Most other studies used telephone interviews or mailed questionnaires, whereas ours utilized in-person interviews. Another reason may be geographic variation or differences over time. Only three of the prior studies were conducted during the 1990s (4, 7, 9) ; the remainder were conducted prior to 1990. Two of the prior studies that compared respondents who initially agreed to participate with those who initially refused were carried out in the same general geographic area as our study (7, 11) . Another difference between our study and prior studies is that we separated respondents who initially agreed into early and late responders, whereas most other studies combined these respondents and compared the combined group with persons who had initially refused.
We found several significant differences when intermediate responders, late responders, and initial refusers were compared with early responders. However, no clear pattern of characteristics that could be useful in generalizing these differences emerged. The only variables that showed a consistent gradient according to difficulty of recruitment were education and race. Age differences between late and early responders and initial refusers and early responders pointed in opposite directions. These findings argue against the common assumption that the characteristics of respondents become more like those of refusers as the difficulty of recruiting them increases. Lin and Schaeffer (21) and Fitzgerald and Fuller (5) reached similar conclusions.
To reduce recall bias, epidemiologic case-control studies which examine events that occurred before the diagnosis date in cases or a similar "reference" date in controls often exclude respondents who are not interviewed within a specified time period after the diagnosis/reference date. In the current study, 24.4 percent of the initial female respondents completed the interview 2 or more months after the letter describing the study was mailed (which was generally within 2 weeks of the RDD contact), and 8.5 percent completed the interview more than 6 months after original contact. Since the initial refusers were recontacted 3-6 months after the original RDD contact, all of them were interviewed 3 or more months after original contact. The reduction of recall bias must be weighed against the increase in response bias. Weighting factors that are thought to be associated with nonresponse would not adequately compensate for the loss of late responders or initial refusers, since the characteristics of these two groups appear to be different.
Initial refusers comprised only 6.7 percent of our total sample, so excluding them from any of the studies would generally have little effect on the overall distribution of the control group by the characteristics examined. Three studies have shown this to be the case (4, 7, 11) . However, analyses by subgroups could be distorted, particularly if the analyses involved two characteristics that were differentially distributed by response. This potential for bias will increase if study participants become more difficult to recruit in the future and an effort is not made to include reluctant respondents (1, 3) .
Characteristics of reluctant respondents may well vary over time and by geographic area, so it is difficult to quantify the potential bias resulting from exclusion of inaccessible or less-willing participants. Expending the additional effort required to convert refusers into participants and to delay interviews rather than accept refusal remains the best defense against the creation of unrepresentative or biased samples. 
